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Sir: 

DECLARATION OF PROF, BORIS BRONFIN 

I hereby declare as follows: 

1. I received Ph.D. and D.Sc. degrees from the Urals Polytechnic 
University in 1974 and 1988, respectively. Since that time I have been 
active in the field of physical metallurgy, particularly in the field of 
magnesium alloys. Based on numerous citations of my publications 
around the world, I was included in MARQUIS Who's Who in Science 
and Engineering, 2005-2006 (8 th Edition), which distinguishes 
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scientists who are leading achievers in certain fields of Science and 
Engineering. 

2. I have been employed by Dead Sea Magnesium Ltd since 1992. My 
current position is the head of Physical Metallurgy Department. The 
experiments included in this declaration were carried out under my 
direct supervision. 

3. I am one of the co-inventors and co-applicants of the above identified 
application and I am familiar with the prosecution of this case. I have 
reviewed the following patent documents: 

• US 2001/0055539 to Nakamura et al (denoted US/39 hereinafter); 

• JP 02047238 to Yamauchi et al (denoted JP/38 hereinafter); and 

• US 6,139,651 to Bronfin et al. (denoted US/51 hereinafter). 

4. The cited documents, like the instant application, deal with 
magnesium alloys, but they do not provide alloys with strength and 
creep resistance of our invention, as is shown below (par. 6-9). 

Magnesium alloys, being the lightest structural materials, have 
naturally many applications, and every application has different 
requirements on their physical and mechanical properties (ductility, 
strength, creep resistance, corrosion performance, fluidity in molten 
state, casting properties, thermal conductivity, etc.). Since most 
elements of the Periodic Mendeleyev Table are used in Mg alloys (see, 
e.g., Annex 1 - Avedesian, Table 4), finding a suitable composition, 
among so many combinations, with the required behavior for a given 
application is a matter of extensive experimentation. The number of 
factors affecting said behavior, nearly as high as the number of said 
element combinations, includes, e.g., solubility of metals, or the 
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formation of intermetallic compounds, whose presence radically 
changes the alloy properties. The formation of intermetallic 
compounds, as well as other factors, is affected in a very sensitive way 
by the presence of minor alloying elements, leading to a hardly 
predictable effects on the behavior. 

A complex phase diagram of a simple mixture, containing only two 
components, can illustrate the complexity of the problems in this field 
(Annex 2 - Ullmann, Figure 1), especially when bearing in mind that 
usually more than five elements are present in a Mg alloy* These 
situations involve a multi-parameter problem; a combination of 
elements leading to certain properties cannot be relied upon in 
foreseeing the properties of another combination, even when the two 
combinations seem similar, because the extrapolation and prediction 
are not trivial, and sometimes are impossible to make. In practical 
situations, also costs of the materials must be taken into consideration. 

5, Our invention provides alloys exhibiting high tensile and compressive 
yield strength combined with low creep rate at temperatures 150°C 
and higher, intended for applications such as making engine blocks or 
crankcases. Other properties, important during processing or using the 
alloys, were also born in minds by us when developing the instant 
alloys, and are related to in the specification of the application; 
however, tensile yield strength (TYS at 175°C) and minimum creep 
rate (MCR at 150°C under stress of 100 MPa) are mainly considered 
below in this declaration, in order to simplify the matter, and also 
because the two properties are included in the instant claims. 
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When considering other useful parameters for characterizing the 
behavior of the instant alloys, and in response to the Examiner's 
observations relating to TYS/UTS ratio, I would like to note that TYS 
values are not necessarily about 80% of UTS values; there are many 
examples of alloys having the same UTS but significantly different 
TYS. In the case of magnesium alloys it is well documented (for 
example in the internet site of the International Magnesium 
Association) that high ductility commercial alloys, such as AM50, 
AM60, and AE42, have TYS significantly lower than AZ91D alloy, but 
UTS the same or even higher than AZ91D. 

The alloys of the cited Nakamura's document may be used as another 
example confirming my above observation. A data sheet, that has 
recently come to our attention, issued by Hitachi Company (to which 
the Nakamura's patent is assigned), shows two alloys designated 
Hitmag-A and Hitmag-B (Annex 4). A comparison with Nakamura's 
cited application shows that Hitmag-A corresponds to Alloy No. 8 and 
Hitmag-B to Alloy No. 2 from Table 1 of US/39.. The data sheet shows 
TYS ("Proof Stress" in the table) values of 168 and 163 MPa, and UTS 
("Tensile Strength" in the table) values 264 and 301, respectively, 
providing ratios 64% and 54%, i.e. significantly less than 80%. 
Nevertheless, as said above, we concentrate mainly on TYS and MCR 
values here. 

6. Tables 2, 3 and 5 of the application contain chemical compositions of 
the alloys and their properties, respectively. Examples 1-14 have 
compositions in the ambit of the instant invention, and they show TYS 
(tensile yield strength) at 175°C greater than 150 MPa and MCR 
(minimum creep rate) at 150°C and 100 MPa less than L7xl0* 9 /s (the 
two parameters are presented shortly, such as "150" and "1.7", 
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hereinafter). All these alloys further show good casting properties, 
higher than 85 when measured as combined castability rank (set 
during the R&D as the acceptability limit, castability rank is shown in 
Table 3 of the instant application). Comparative Examples 
demonstrate that the compositions deviating from the ambit of the 
invention, have inferior parameters at least in some of the measured 
features (Tables 2, 3, and 5). However, additional Comparative 
Examples (nos. 26-29) obtained during the development of the instant 
alloys, not included in the specification, are presented in this 
declaration in Table 2B, Table 3B and Table 5B (amended original 
Tables 2, 3 and 5) for the sake of clearer comparison with the cited 
prior art (attached as Annex 3). 



7. Our alloys, denoted by symbol Aour» can be characterized by the 

presence of six elements, in a simple representation as follows: 

A 0 ur= Al<4/7-7.3> 

Mn<0.17-0.60> 
Ca<1.8 - 3.2> 
Sn<0.3 - 2.2> 
Zn<0 - 0.8> 
Sr<0 - 0.5> 

wherein the numbers represent ranges of the elements in wt%, non- 
magnesium elements being limited to maximally 14„6 wt% (claim 1). 



Nakamura's alloys, Awak, of US/39, may be presented as follows: 

ANak=Al<2-20> 

Mn<0.05 - L5> 
(Ca or Si or RE)<0 - 5> 
Sn<0.1 - 15> 
Zn<0.1 - 10> 
(Sr or Sb)<0 - 1> 
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wherein Ca in Nakamura may be replaced by Si or by rare earth (RE), 
and Sr may be replaced by Sb, non-magnesium metals being possibly 
2.2 - 52.5 wt% (claims 1 and 9 of US/39)- 

In view of broad ranges of elements in the claimed compositions of 
US/39, further combined with 8 possible selections for Ca or Si or RE 
(no of them, or one of them, or two of them or all of them), and 4 
possible selections for Sr or Sb, yielding 32 combinations for Ca/Sr 
group, it may be diffic ult to cover all combinations allowable in 
Nakamura; however, below we present two comparative examples in 
the ambit of US/39, Examples 26 and 27 (Annex 3). Both have Al 
content typical for Nakamura's exemplified alloys (e.g,, Table 1 in the 
cited US application), the former having all the elements (except for 
said Al) as close as possible to our optimal composition, and the latter 
having the elements close to the Nakamura's optimal values, as taught 
in Nakamura's Table 1 and the Figures. Our Example 9, near to our 
"optimal composition" (i.e. a composition showing very good TYS and 
MCR values) is presented for comparison: 



A E x9= Al(5.9) 



Mn(0.26) 




Ca(3.0) 




Sn(0.5) 




Zn(0) 




Sr(0.3) 




TYS(172) 




MCR(0.75) 




A E .x26=Al(11.8) 


Aex27=AI(12.1) 


Mn(0.22) 


Mn(0.19) 


Ca(2.9) 


Ca(0) 


Sn(0.45) 


Sn(4.9) 


Zn(0.05) 


Zn(3.2) 


Sr(0.28) 


Sr(0) 


TYS(124) 


TYS(121) 


MCR(198) 


MCR(322) 
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Aex26 represents an alloy having five of six ranges near to our "optimal 
composition", with the sixth one (Al) deviating from our ambit. TYS 
and MCR values demonstrate that varying one element, remaining 
within Nakamura T s ambit but leaving our ambit, led to sharp retreat 
from the required properties. It might be argued that there are more 
"optimal combinations", or "good combinations", within the 
Nakamura r s ambit, and that a simultaneous variation of other 
elements might provide good results. However, said argumentation is 
contested by Ae*27, in which not only Al but all ranges are selected 
according to the best of Nakamura's knowledge and experience, and 
TYS and MCR values are still farther from the required properties. 
Theoretically, if the above argumentation had been proven correct by 
enormously excessive experimentation (i.e., if proven that the broad 
Nakamura's range comprises several range combinations that provide 
superior results), it would only corroborate the inventiveness of our 
selection, in view of the required excessive effort. 

The Examiner notes that the claimed creep rates and tensile properties 
might be inherently possessed by the materials of the cited references. 
The above two examples show that it is not the case. We could choose 
other examples of element combinations from Nakamura's ambit that 
deviate more strikingly from our ranges, but we believe that the above 
two examples sufficiently demonstrate our point; whether deviating in 
one element (Al) or four elements (Al, Zn, Ca, Sn), an alloy will not 
easily attain our required properties; our claimed special ranges, 
however, provide our required properties. As said, it might be argued 
that other examples, deviating from our ranges differently, e.g. 
otherwise than in Al, would show that our claimed range is not the 
only selection providing good results. However, Nakamura's teaching is 
that 12 wt% Al or more is good for strong alloys (e.g., Fig. 8), and lower 
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values are bad. In order to come to our composition, Bronfin's lower Al 
would have to be combined with Nakamura's high calcium (selected 
from among three possible elements), and a medium amount of Sn 
would have to be added (missing in Bronfin and being too high in 
Nakamura). 

Bronfin's alloys, Abk>, in US/51, may be presented as follows: 

A Br o= Al<4.5 - 10> 

Mn<0.15 - 1.0> 
Ca<0.2 - 1.2> 
Sn<0> 
ZnO.Ol - 1> 
Sr<0.01 - 0.2> 
RE<0.005 - 0.016> 

Comparative Examples 28 has a composition in the ambit of US/51, 
but as close as possible to our "optimal" alloy of Example 9, whereas 
Comparative Example 29 has a composition comprising typical values 
as taught in Bronfin (e.g., Table 1, US/51) for all the elements, except 
for Ca which is chosen to be 3 wt%, i.e. outside the ambit of US/51, to 
improve the alloy according to the present application. 
A EX 28= Al(5.9) A E x29= Al(7. 1) 



Although the addition of Ca improves the properties substantially, 
none of the two examples has the properties as claimed in the present 
application (not mentioning inferior castability ranks, Table 3B). In 
order to get the claimed values (and good castability), Sn would have to 



Mn(0.33) 

Ca(1.15) 

Sn(0) 



Mn(0.32) 

Ca(3.1) 

Sn(0) 



Zn(0.01) 

Sr(0.18) 

RE(0.05) 

TYS(88) 

MCR(115) 



Zn(0.74) 

Sr(0.21) 

RE(0.15) 

TYS(150) 

MCR(2.3) 
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be added, and probably RE taken out, which are, however, changes not 
obvious from the cited documents, 

Yamauchi's alloy, Aram, in JP/38 may be presented as follows: 

AYam^ H 

(Al or Mn or Ca or Sn or Zn or Sr or Zr or Sb or Bi or Co 
and/or 15 other elements)<0 - 10> 

Comparative Example 30 has a composition in the ambit of JP/38, but 

without hydrogen or any element exotic for our composition (which 

would worsen the properties), and with the values not far from our 

values. In fact, Comp. Ex. 30 represents a composition, which (except 

for "exotic elements") is not far from any of the ambits of the three 

cited documents. 

A E x*o=Al(8.9) 
Mn(0.23) 
Ca(0.56) 
Sn(0.2) 
Zn(0.79) 
Sr(0) 
TYS(llO) 
MCR(92) 

It can be seen that this "neutral" composition, not far from any of the 
cited documents, and not so far even from our composition, is not even 
close to our claimed properties. 

I think that the examples show that if a skilled person (without 
knowing our instant application) had selected from the possibilities 
provided by AndJc, Abto, and Aynm a combination that would be near to 
the ranges taught by the publications, the claimed values of TYS and 
MCR would not be automatically (inherently) obtained. I further 
believe that the examples show that if said skilled person had 
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incidentally chosen a combination close to our "optimal combination", 
he would not get our claimed values of TYS and MCR, even if equaling 
our combination in five of the six ranges. Finally, as an alloy developer 
I know that attempts to reproduce published recipes and combine them 
may often lead to desperately branched web of futile trials. In one 
aspect, our alloys contain a certain quadruplet of obligatory chemical 
elements, which may constitute up to 14,6%, US/39 alloys contain a 
different quadruplet (necessary elements, according to claim 1), 
constituting to 46-5%, US/51 alloys contain a certain heptaplet, 
constituting not more than 17%, and JP/38 alloys contain only one 
obligatory element as follows: 



It am not aware of any standard method known in the art, which 
would enable to combine ANak + ABro + Ay am to get Aow - 

The strength and creep rate values of the Comparative Examples 26-30 
(as well as of Comparative Examples filed with the application) depart 
from the required values, in most cases strikingly, which I believe to 
demonstrate the difficulty of using the cited documents for deducing 
the composition of our alloys. 

8. I would not include JP/38 among prior publication considered in 
combining prior art knowledge and developing new materials, and I 
believe that another skilled person would not do so either. Inoculating 
the alloy with hydrogen according to JP/38 would spoil any properties 
which are desired for our instant applications (strength, high 
temperature applications, etc.). E.g., it is known that hydrogen reduces 



Aour = 

ANak ~ 

ABra = 

A Yam = 



Al, Mn, Ca, Sn 

Al, Mn, Zn, Sn 

Al, Mn, Ca, Zn, RE, Be, Sr 

H 



[14.6%] 
[46.5%] 
[17%] 
[?] 
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substantially strength (e.g., www.key-to-me tals.com). JP/38 is intended 
for totally different application - namely for vibration damping. 

I would not select this document among information sources for my 
R&D anyway, because among many combinations falling into the 
ambit of the document, there are combinations problematic from 
viewpoint of metallurgic science, such as metals combinations known 
to be incompatible. Some of the mixtures within the ambit of JP/38 
would not provide alloy, and due to limited solubility, would produce a 
heterogeneous mixture. I believe that a skilled person would 
understand this problem, and such knowledge would naturally cast 
doubts on usefulness of other mixtures provided by this publication. 
For example, the following doublets of metals comprised in JP/38 
provide insoluble interfacing elements in molten magnesium: Al-Zr, 
Ca-Sb, Co-Zr, Mn-Zr, Si-Zr (Annex 1, Table 5). 

9. I believe that Comparative Examples 26 and 27 demonstrate that 
Nakamura does not make our ranges obvious, A "typical 11 , average 
composition according to the cited document, such as Comp. Ex. 27, is 
very far from the instant alloys both in strength and in creep rate, 
when compared under the same conditions; however, even a 
composition as close to the instant alloys as allowed by the ambit of the 
cited document, does not provide much better results, as Comp, Ex, 26 
demonstrates. Comparative Examples 28 and 29 demonstrate that 
US/51 does not make our ranges obvious either. Comp. Ex. 28 is a 
composition in the US/51's ambit, but as close to the instant alloys as 
possible; Comp, Ex. 28 does not exhibit the claimed properties. 
"Improving" US/51 alloys by jumping out of the ambit of US/51, and by 
adding more Ca, as in Comparative Ex. 29, improves the alloy, but not 
enough to make it equal to the instant alloys. Comparative Ex.29 has 
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also veiy poor castability. Comparative Example 30, although prepared 
without hydrogen or other 15 elements allowable according to JP/38, 
does not conform to the claimed properties either- 

I believe that the above examples, together with those already 
presented, demonstrate that the published element combinations 
cannot be obviously combined to provide the strength and creep rate 
that we claim in our instant application. 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made herein on information and belief are 
believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity 
of the subject application or any patent issuing thereon. 





Magnesium and Magnesium Alloys 

Edited by 
Michael M. Avcdesian 
Noranda Magnesium Inc. 
and 
Hugh Baker 
ASM International (Retired) 

l*ie|)3ieiJ under the diiectinn or ihe 
ASM lniem;-i£ional Handbook Cummitieg 

ASM Iniemalional Siatr 
Steven Landman, Technical Editor 
Grace M„ Davidson, Mjnajjei ul Handbook Piudualon 
Bonnie R. Sanders, Manager of Copy Editing 
Alexandra U. I Joskins, Copy Editor 
Kathleen S. Dragolich, JH1 A. Ktnson, and Candace IC Mullei, Production Cooidinaiois 
Scott D. Henry, Assisunt Director of Rereience Publications 
William W. Scott, jr., Oirecior of Technical Puhlicaiions 




The Materials 
Information Society 



GipyflRlM <0 IW 

ASM hitenmiionnl 
AM rights reserved 



No pan of this l>onk may be reproduced, stored in a retrieval system, or irnnsmiHecl. in any form or by nny menu*, 
electronic mechanical, photocopying, recording, or otherwise without the written permission ofthu copyright owner 



First priming May l!)VJ 



Greal care is taken in the compilation and production of I his Volume, hm it should he made clear thai NO 
WARRANTIES EXPRESS OK IMPLIED. INCI UOING. WITHOUT LIMITATION. WARRANTIES OF MER- 
CHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE- ARE GIVEN IN CONNECTION WITH THIS 
PURL ICATION Although ifiis information is believed to he accurate Uy ASM. ASM cannot gwraiilce that favorable 
results will he obtained from the use of Ibis publication alone Tliis piibliirnliun is inlcndal Tor uso by prisons having 
tcr.limcal skill, at their sole discretion and risk Since the conditions or pro<tact or material use tae outside of ASM s 
control. ASM assumes no liability or obligation in coiweeliiNi with any use or this information Hci claim of any kiwi, 
whether as to products or information in Ibis publication, and whether or not based on negligence shall he greater in 
amount (bin the purchase price of this product or publication in respect of which damages arc chimed II IE REMEDY 
HEREBY PROVIDE!) SHALL BE THE EXCLUSIVE AND SOLE REMEDY OF BUYER, AND IN NO EVENT 
SHMI EITHER PARTY OE LIABLE FOR SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES 
WHETHER OR NOf CAUSED BY OR RESULTING FROM VI IE NEGLIGENCE OF SUCH PARTY As with any 
materinl. evaluuiton of (be tnnlcrial under etubuse conditions prior to specification is essential Therefore, specific 
lesting under actual conditions is recommended 

Nothing contained in this booksitall be construed as a grant of any tight of mattufacluic. sale, use. or reproduction, 
in connection with any method! process, nppnrntus product, composition, or system whethei or not covorml by letters 
ptiicm. copyright, or trademark, and untiling contained in Ibis honk shall lx! construed as a dele/we against any alleged 
infringement of letters patent, copyright, or trademark, or as a defense against liability fur such infringement 

Comments, criticisms, and suggestions arc invited, and should be fnrwurded to ASM International 



Library of Congress Cataloging- in Publication Data 

Magnesium ami Magnesium Alloys/ 
edited by Michael M Avedeslnn nnd Hugh Baker 

Pjepioed under lite direction of the ASM Intenutllnnal Hamllmok Cotnmincc 
p cm— (ASM Specialty I lamlbocdc) 

Includes bibliographical references and index 
I Mngucslnm )inmll>^uks. umnunls. etc. 2 Magnesium alloys Handbooks, manuals, etc 
I Avedesian MM II Raker. Hugh II) ASM International Ihindhook Commiitcc 
IV Seiies 

rA4X0M3M32 \m 90-20208 
669* 732— dc2l 
ISHN: O RH7(U.57-l 
SAM: 2tM.7:>8(i 



ASM International 
Materials Park. OH 44073-0002 



Printed in the United States ol America 




M / Metallurgy and Alloys 



Table 4 Liquid solubility and alloying efficiency of alloying additions to magnesium 
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Effects of Alloying Constituents 

Tlic physical pro|>crti.es of magnesium arc, ot~ 
course, affected by Hie amount of each alloying 
constituent added to il In many instances, the. 
effect is more or less directly proportional to the 
amount added, up 10 the limits of solid solubility 
at the temperature al which the property is meas- 
ured (see Fig, 3). The processing and propeily 
effects of the individual alloying clcmcnis, how- 
ever. arc more important in most stnictunil ap- 
plications than Ihc physical properties. Descrip- 
tions of these cITccts follow for ihe clcmcnis 
commonly used in commcnaal magnesium alloys 

Aluminum li:is die most favorable effect on 
magnesium of any of (tic alloying clcmcnis. Il 
improves strength nod hardness, and it widens 
the freezing range ami makes the alloy easier to 
easl When present in amounts in excess of 6 
\v\ f !o t the alloy becomes heat Ireaiable. hut com- 
mercial alloys rarely exceed 10 wt% aluminum 
An aluminum content of 6% yields the optimum 
combination of strength and ductility 

Bery Ilium. Although only slightly soluble in 
magnesium, adding up to nlxmi 0.0l>! wi% \\:- 
iy Ilium decreases the lendeiicy for (lie surface of 
the molten metal 10 oxkli/,c during melting. cast- 
ing, and welding It can be used successfully in 
die-cast anil wruitghl alloys. hut must be used 
judiciously in saml-casling alloys because uf its 
grnin-cnarsciuug effect. 

Calcium is a special alloying ingredient added 
in very small amounts by some manufacturer; to 
assist in meialliirgicol control It serves a dual 
puqio.se: when added to casting alloys immedi- 
ately prior to pouring, it reduces oxidation in the 
molten condition as well as during suhsctpienl 
heat treatment of die casting, and il impioves (he 
rollabilily of uwgMCSiian sheet The addition of 
calcium must be cuuU oiled to below ahum 0.3 
\vt%. however , oi ilwi sheet will l>c susceptible to 
crocking during welding. 

Copper adversely affects the conosiun icsis- 
Inncc of magucsiuin alloys if present in ijuaiiti- 

Tnlde .'i Inlerfncing elements in molten 
magnesium 
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(ie , exceeding 0 05 wt% However. U improves 
Hiiili-iciupcraiurc sirciiglh 

Iron is one of Ihc more harmful impurities m 
..inHiienimi alloys in thai il gteady reduces the 
corrosion resistance if present in even small 
amoiinis. In ordinary commcicial- grade alloys. 
| he iron contenfenn average as high as 0.01 to 

0 03 vvl% For maximum resistance to corrosion, 
however, 0 005% is specified as Hie upper limit 
for iron content. 

Lithium has relatively high solid solubility in 
magnesium (5 5 w»'&. IV 0 at %). nnd because of 
its low relative density of 0 54. il has attracted 
Interest as an alloying clcmeni in magnesium 
alloys to lower die density to values even lower 

1 hail that ol' unalloyed magnesium Moreover, 
only some 1 1 wl'ft of lithium is needed lo form 
l lie" J J phase, which has a body-ecniercd cubic 
(hec) crystal structure (rather ihan a hexagonal 
close packed, oi hep. structure), llteieby improv- 
ing formahility ol wrought products The addi- 
tion of lithium decreases stienjglh. hut increases 
ductility. Mg-Li alloys are also amenable to age 
hardening, although they lend to overage at only 
slightly elevateil temperatures (c g ., 60 "C. or 
140 °P) So far Mg-l,i alloy's have found only 
limited application 

Manganese does not have much effect on 
tensile strength, but it docs increase yield 
strength slightly its most iiuj)ortant function is 
to improve the saltwater resistance of Mg-At and 
Mg-Al-Zu alloys by removing iron ami oilier 
heavy-metal elements into relatively haimless 
inict metallic compounds, some of which sepa- 
rate out during melting The amount of manga- 
nese that can be added is limited by its relatively 
low solubility in magnesium. Commercial alloys 
containing manganese rarely contain over I 5 
wt%. and in the presence of aluminum, the solid 



solubility of manganese is reduced to about 0.3 
wt% 

Nickel is like iron in that it is another of the 
more harmful impurities in magnesium alloys 
because it also greatly reduces the corrosion re- 
sistance if present in even small amounts, lo 
ordinary commercial-grade alloys, the nickel 
content can average as high as 0 01 to 0 03 
wl%, but for maximum resistance to corrosion. 

0 005% is sjxTcificd as die upper limit for nickel 
content. 

Rare earth metals arc added to magnesium 
alloys cither as mischmctal or;rs didymlum. Misc- 
hmelat is a natural mixture of the raie earths 
containing about 50 wi% cerium, lite remainder 
being principally lanthanum and ncodymuiiiH 
didymlum is a natural mixture of approximately 
85% ucodyiuiumand 15% praseodymium. 

Additions of the rare earths increase the 
strength of magnesium alloys i\\ elevated tem- 
peratures They also reduce weld cracking and 
porosity in casting because they narrow the 
freezing range of the alloys. 

Silicon. "Hie addition of silicon to magnesium 
alloys has been found to increase fluidity of the 
metal in the molten si ate However, it decreases 
corrosion resistance of magnesium alloys if iron 
is also present in the alloy 

Silver additions improve ihc mechanical prop- 
eitics of magnesium alloys by increasing re- 
sponse to age hardening. 

Thorium additions increase the creep strength 

01 magnesium alloys at temperatures up to 370 
°C (700 °F) The most common alloys contain 2 
to 3 wi% thorium in combination with zinc, zir- 
conium, or manganese Thorium improves the 
weldahilily of alloys containing 7.inc 

Tin is useful wlrcii alloyed with magnesium in 
combination with small amounts of aluminum 
The tin serves to increase the ductility of the 
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alloy and makes it letter for hammer forging 
because it reduces the tendency for the alloy to 
crack while being hot worked. 

Zinc is next to aluminum in effectiveness as 
an alloying ingredient in magnesium Zinc is 
often used in combination with aluminum to 
produce improvement in room-teuiperaluic 
strength: however, it increases hot shortness 
when added in amounts greater than I \vt% in 
magnesium alloys containing 7 to 10 w\% alu- 
minum. Zinc is also used in combination with 
zirconium. iarc earths, or thorium to pmdiM.0 
prccipilation-haidcuahle magnesium alloys hav- 
ing good strength. Zinc also helps overcome the 
harmful coirosive effect of iron and nickel impu- 
rities that might be present in the magnesium 
alloy 

Zirconium has a powerful grain refining ef- 
fect on magnesium alloys. It is thought lh:it be- 
cause the lattice parameters of u-zireonium (n =» 
0.323 nm, <: - 0 5 Id nm) arc very close to those 
or magnesium {a = 0 320 nm, c « 0.520 tint). 
7ticonium-rich solid particles produced early in 
die freezing of the melt may provide sites for the 
heterogeneous nucleation of magnesium grains 
during solidification 

Zirconium is added to alloys containing Jim. 
rare caitlw. thorium, or a combination of these 
elements where it serves as a grata relinet (up to 
its limit of solid solubility). However, it cannot 
be used in alloys containing aluminum or man- 
gnnesc because ii forms stable compounds with 1 
these elements and is thus removed from solid 
solution. It also forms stable compounds with 
any iron, silicon, carbon, nitrogen, oxygen, and 
(mainly) hydrogen present in the mch. Because 
only die portion of the zirconium content avail- 
able lor grain refining is thai which is in solid 
solution, the soluble zirconium content, rather 
than the total zirconium content, is the value 
important tor he alloy 

Yttrium has a relatively high solid solubility 
in magnesium (I2>l wi%) and is added with 
other rare earth elements lo piomote creep resis- 
tance ill temperatures up to 300 °C (570 °V). 
AImujI 4 to 5%yis added to magnesium lo loon 
commercial alloys such as WE54 and W1M3. 
where it imparts good elevated- lempeialure 
properties up to about .150 "C MHO n V) 



Commercial Alloy Systems 

The live basic groups of alloy systems that 
arc currently being commercially produced arc 
based on the major nllnying elements: uinnganc.se. 
aluminum, zinc, zirconium, and rare eanhs I hese 
arc subdivided as follows: 

o Magnesium-manganese 

• Magnesium-alunnnuni-maiiganese 

• Magnesium-almninur., zinc-manganese 

• Magnesium-zirconium 

• Magnesiuin-7.ine-/irconiuin 

• Magnesium-rare canh metal- zirconium 

• MagnesinuKsilvLT-oue earth mctal/.iiconiiun 
o Magnesiunivitrium-iair. earth nuMat viiomium 
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lanthanum, lithium, manganese, ncodymium, 
silver, thorium, yurium, zinc, ami zirconium 



2.1. Magnesium- Aluminum Alloys 

Aluminum is by far (Jie most impoilaul al- 
loying element for magnesium. Us maximum sol- 
id solubility in (lie Mg-AI system is 12 7 \vt% at 
the eulcclic temperature 437 y C ( "Fig 1 ) The eu- 
lectio contains 32 wt% aluminum, and its com- 
position is Mg l7 AI, 2 . Commcicial alloys con- 
lain less Mian JO wt% aluminum and, according 
lo the equilibrium diagram, should solidify into 
a homogeneous matrix of magnesium with alu- 
minum in solid solution. This is. however, not 
the case — a relatively large volume fraction of 
cutectic constituents is formed (Fig 2) The so- 
lidification diagram shows a distinct plateau at 
the cutectic temperature (Fig. 3) 

Seheil's equal ion describes freezing under 
noneqiiilibrium conditions where solute diffu- 
sion is negligible, resulting In a si rongly segregat- 
ed material The I taction solidified as a function 
ol temperature for equilibrium and noneqiiilibri- 
um freezing is illustrated in Figure 4 lor two Mg- 
Al alloys. In practice, I he Schcil equation pro- 
vides a reasonable description of solidification 
during commercial casting processes 

1 lie Mg --AI equilibrium diaginm is typical of 
an age-hardeuablc system After solution heal 
treatment at temperatures just below the cutectic 
temperature, the [J-Mg 17 AI,, phase dissolves, 
and subsequent quenching gives a supersalural- 
cd solid solution During artificial aging al 150 
220 'C. a platclikc precipitate forms, icsulling in 
a significant hardening effect A certain quench 
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sensitivity is caused by a competing reaction, 
whereby the |V phase precipitates discontinuous- 
ly along grain houndarics This process occurs 
during cooling after casting or following solution 
heat treatment 
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ANNEX 4 




HITMAG is a new Magnesium Alloy developed by HITACHI with a lower 
melting temperature than AZ91, providing excellent fluidity, high creep strength 
and corrosion resistance with applications in Thixomolding e) and Die Casting. 




APPLICATIONS 



Automotive: 

• Housing for Motor, Alternator, etc. 

• Transfer Case 

• Valve and Engine Cover 

• Ignition Key Housing 

• Steering Wheel Core 

• Instrument Panel 

• Seat Frame 

• Oil Pan, etc. 



Electronics: 

• Digital Camera Body 

• PC Projector Body 

• Mobile Phone Case 

• Laptop Case, etc. 

Casting Process: 

• ThixomoIding ,fi> 

• Die Casting 



Fluidity Characteristics 
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Material Properties 




Physical Properties 



Alloy 


Liquidus 
Temperature 

(°C) 


Solidus 
Temperature 

(°0 


Density 
(g/cm 3 ) 


Thermal 
Conductivity 
(W/m K) 


Specific Heat 
(J/gK) 


AZ91D 


598 


425 


1,81 


51.2 


102 


H1TMAG-A 


567 


425 


1,92 


36.0 


093 


HITMAG-B 


556 


411 


1.96 


35.6 


093 


Mechanical Properties*' 


Alloy 


Vickers Hardness Tensile Strength 
(Hv 50g) (MPa) 


Proof Stress 
(MPa) 


Elongation 
(%) 


AZ91D 


83 




265 


138 


34 


HUM AG- A 


103 




264 


168 


1.5 


HITMAG-B 


104 




301 


163 


1.6 



¥ I ; 0 7mm Sample Thickness 



Nates. 

Design & specifications are subject to change without notice 

Products and comptiny names herein may be trademarks of their owners 
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Ph: (248) 473-61 1 8 E-mail: digital.mfg@hap.com 
www,hitachhus/rd 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



